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Gullies are among the youngest landforms formed by liquid water on Mars, and therefore of critical importance
in resolving the planet’s recent hydrologic and climatic history. The key to estimating the amount of liquid wa-
ter involved in gully formation is their formative mechanism. Water-free sediment flows, debris flows and fluvial
flows, which all require very different amounts of liquid water, contributed to gully formation but their abundance
and effectiveness differs greatly between sites. We show that many gullies dominantly formed by debris flows,
based on sedimentological analysis of outcrops in gully-fans rather than surficial debris-flow features, which are
often degraded beyond recognition by weathering and wind erosion or masked by ice-dust mantling. This resolves
the controversy between previously published morphometric analyses implying debris-flow formation and observa-
tions of modified fan surfaces often interpreted to have formed by fluvial flows. Furthermore, it shows that deriving
formative processes on gullies from surface characteristics can be highly misleading, which should therefore be
inferred from multiple approaches, including sedimentological outcrop and morphometric analyses.
